Abstract: Assessment of faecal pollution indicators (total coliforms,
Introduction
Faecal pollution indicators are groups of microorganisms used to study the impact caused by sewage discharge. Faecal coliforms and Escherichia coli are the most common indicators used in these assessments, but they do not survive long periods under stress in the environment. For that reason, other indicator groups of bacteria can be used as an auxiliary analysis, such as sulphite reducing clostridia (especially Clostridium perfringens), a group of spore forming bacteria usually considered as a remote contamination indicator due to their longer persistence in the environment, and Enterococcus sp., which has been more frequently used as indicator in marine environments due to their higher resistance to salinity when compared to coliforms and E. coli (CETESB, 1978; Ferguson et al., 2005) . Sewage treatment plants remove pollutants, nutrients and pathogenic microorganisms from wastewater through di erent stages: (1) preliminary, in which coarse solids are mechanically removed; (2) primary, which removes settable solids and part of the organic matter; (3) secondary, which consists biological removal of organic matter and eventually nutrients; (4) tertiary, aimed at removal of speci c pollutants (toxic or non biodegradable), complementary removal of nutrients and disinfection. Sewage treatment plants con guration varies according to the characteristics of the http://dx.doi.org/10. 4322/apa.2014.073 wastewater and required quality of the e uent based usually in legislation (von Sperling, 2005) . In EACF secondary and tertiary stages are present, with the use of aerobic and anaerobic digesters and a UV light disinfection system. In the present work, faecal pollution indicators were enumerated in sediment and water samples collected during Brazilian Antarctic Expeditions XXIX and XXX (BAE XXIX and BAR XXX). Wastewater samples at di erent stages of the EACF sewage treatment plant and soil in the e uent discharge area were also characterized for nutrients, chemical oxygen demand and faecal indicators in order to obtain information on sewage properties and treatment e ciency. 
Materials and Methods

Sampling and sample processing
Faecal pollution indicators enumeration
In BAE XXIX, coliforms and clostridia in water, wastewater and soil samples were enumerated by the Most Probable Number (MPN) technique (APHA, 2005) using Colilert® medium (IDEXX) for total coliforms and E.coli and DRCM (di erential reinforced clostridial medium) for clostridia. Presence of C. perfringens in DCRM cultures was con rmed by growth in Litmus Milk. In BAE XXX, the membrane filtration technique (CETESB, 1978) was chosen to enumerate coliforms, enterococci and clostridia in water, sediment, wastewater and soil samples. e change was made in order to enhance sensitivity and precision, as larger volumes of samples can be analyzed by this method. Media and incubation conditions used for enumeration of coliforms and E.coli, enterococci and clostridia were, respectively: modi ed membranethermotolerant Escherichia coli Agar (Modi ed mTEC), incubated at 35 °C for 2 hours, followed by incubation at 44.5 °C waterbath for 22-24 hours; membrane-Enterococcus Indoxyl-β-D-Glucoside Agar (mEI), incubated at 41 °C for 24 hours; and mCP agar, incubated at 45 o C for 24 hours.
Nutrients and COD
Analysis of ammonia, total phosphorus, phosphates and chemical oxygen demand in wastewater samples were carried out using reagent kits and photometer from Hanna Instruments, Inc. from aliquots of wastewater a uent and e uent before and a er disinfection with UV, diluted to factors of 1:10 and 1:20 when necessary.
Results
Water, sediment and soil samples
Water samples were analyzed for coliforms in BAE XXIX and for enterococci in BAE XXX (Figure 1 
Wastewater samples
During BAE XXIX, analysis of sewage before treatment was carried out once (January 2011) and showed total coliforms and E.coli counts of 1.7 × 10 7 and 7.9 × 10 6 NMP/100 mL and sulphite reducing clostridia and C. perfringens counts of 1.7 × 10 5 and 1.1 × 10 3 NMP/100 mL, respectively. Analyses of wastewater at outfall pipe were carried out four times and results can be seen in Figure 3 . During BAE XXX, faecal indicators and physical chemical analysis of wastewater were performed at di erent stages at the treatment system (Table 2 and Figure 3) , and removal e ciencies calculated for microbial indicators and COD (Table 2) .
Discussion
As observed in previous work, low concentrations and widespread distribution of faecal indicators were detected in Admiralty Bay (Figures 1 and 2) . In sediment samples, higher values were found in EACF and Ullman Point sites, a pattern also observed in previous analysis (Nakayama et al., 2010) . In water samples, EACF site was the only one to composition of domestic wastewater in general, with higher counts of coliforms and enterococci followed by clostridia (Leclerc et al., 1977) . Counts at the e uent of the sewage treatment plant were more variable (Table 2 and Figure 3 ), as expected, once they are related to the ow of sewage produced in the station. e highest counts of coliforms (1,6 × 10 9 and 9,2 × 10 8 NMP/100 mL) were actually observed on 9 January 2011, when there were 150 people in the station, about twice the regular population at EACF.
Sewage secondary treatment is usually responsible for 60 to 99% coliforms removal (von Sperling, 2005) . However, removal e ciencies calculated for the EACF plant (Table 2) showed that although the secondary treatment led to reduction of Enterococcus sp. populations (61,05 to 91,50%), no coliform removal occurred. Clostridia is a spore forming group of bacteria, which may explain the low removal values of about 30% observed in some analysis. e introduction of a tertiary treatment, represented by UV disinfection was determinant for removal of microorganisms from the e uent, especially the coliforms, but high amounts of containing sediment, water and sewage treatment plant effluent incubated at 10 °C. However the presence of indicators in the water and sediment samples studied can be derived not only from human but also from animal faeces.
For instance, Lisle et al. (2004) Some examples include the use of PCR and qPCR techniques with genes related to coliform and enterococci groups as described by Bej et al. (1990) and Colford et al. (2012) .
Even though the change in enumeration methods
between BAEs XXIX and XXX may a ect data comparisons, results of the analysis of the a uent wastewater did not show great di erences during and between expeditions (Table 2 ).
e populations of faecal indicators re ect the composition of the sewage produced in EACF, which is coherent to sewage treatment plant revealed that sewage produced in the research station has faecal indicators' densities compatible to domestic sewages but lower contents of nutrients and organic matter (as indicated by chemical oxygen demand) than typical domestic wastewater. According to preliminary data generated in the present work, the treatment plant removed about 20% COD, but no nutrient removal was observed. Removal e ciency of coliforms and enterococci varied from 84 to 98,7% a er UV light disinfection, but discharged e uent still contained up to 10 6 indicators CFU/100 mL and 10 4 to 10 6 CFU/100 g were detected in soil samples near the discharge area. Although impact of wastewater discharge seems to remain restricted to the area of discharge, optimization of the process is desirable to attend to environmental protection goals for Antarctic ecosystems. Commission for Resources of the Sea (CIRM).
microorganisms are still discharged and can be detected in the soil near the sewage treatment plant outfall in concentrations in the order of 10 4 to 10 6 CFU/100 g. For that reason, improvements in the system should be made to enhance removal of microorganisms from the e uent. Determination of nutrients and COD in e uent wastewater (Table 2) showed lower ammonia, total phosphorus and COD values than expected for regular domestic wastes (von Sperling, 2005) . However, nutrient concentrations increased along wastewater treatment stages and COD removal efficiency was only 20.17%. Despite being preliminary data (determinations were carried out in only one sample), values obtained indicate that the process could be optimized to perform more e ciently. Enhancing treatment performance would also contribute to increase inactivation rates of microbial contaminants by the UV disinfection system, since the presence of suspended solids, chemical oxygen demand, color and organic compounds protect microorganisms by absorbing / scattering the UV light (Bitton, 1994) .
Conclusions
Enumeration of faecal indicators in sediment and water samples revealed low populations with widespread distribution, as observed in previous work, indicating that in uence of animal faeces cannot be discarded and for that reason impact of human activities in the studied area is not unequivocally detected. A rst assessment of the EACF
